I n t r o d u c t i o n . -Because of t h e p o s s i b l e a p p l i c a t i o n of m e t a l l i c g l a s s e s i n energy s t o r i n g d e v i c e s a numb e r of t h e i r p r o p e r t i e s h a s been s t u d i e d i n o u r l a -
b o r a t o r y . R e s u l t s concerning energy s t o r i n g flywheels / 1 , 2 1 and t h e s t o r a g e of hydrogen 131 have been pub l i s h e d b e f o r e .
I n t h i s s f u d y we r e p o r t on t h e c r e e p p r o p e r t i e s of M~t g l a s 28266 w i t h t h e emphasis on t h e a s p e c t s o f i s o c o n f i g u r a t i o n a l flow c o n d i t i o n s . The fundamentals o f t h i s concept were r e c e n t l y e l a b o r a t e d by Spaepen
and Turnbull I 4 1 and Spaepen 151.
Experimental. -A s i n o u r previous work Metglas 2826A was used i n t h e p r e s e n t s t u d y . The a l l o y (Ni36Fe32Cr1uP12B6 a t . %) was o b t a i n e d from A l l i e d Chemical i n t h e form of r i b b o n s approx. 2.1 x 0.06 mm2 i n s i z e . The mean c r o s s -s e c t i o n a l a r e a o f t h e specimens was c a l c u l a t e d from t h e i r l e n g t h and weigth u s i n g a d e n s i t y of 7.46 . 10' kg.rn3 / 6 / . X-ray d i ff r a c t o g r a m s of random samples of as-received materi a l d i d n o t show any s i g n s of c r y s t a l l i n i t y . A comp a r i s o n between DSC-scans o f as-received m a t e r i a l and specimens used f o r c r e e p experiments confirmed t h a t no c r y s t a l l i z a t i o n had taken p l a c e d u r i n g t h e c r e e p experiments.
Creep experiments were performed on a c o n s t a n t -s t r e s s continuous-load c r e e p a p p a r a t u s which i s provided w i t h a g a s b e a r i n g 171 and a n Andrade l e v e r arm 181. E l o n g a t i o n of t h e specimens was c o n t i n o u s l y measured by means of an LVDT w i t h a resolution of 0.5 ?Jm, -1 0 -1 c r e e p r a t e s down t o lC s could be d e t e c t e d .
Samples o f 103.0 mm l e n g t h were c r e e p t e s t e d w h i l e submerged i n a n o i l -b a t h w i t h a t h e r m a l s t a b i l i t y of 0.1 K. Room t e m p e r a t u r e was c o n t r o l l e d w i t h i n 1 K .
A l l measurements r e p o r t e d h e r e (except f o r c u r v e A i n f i g u r e 1) were made on samples which were preannealed t o s t a b i l i z e t h e amorphous s t r u c t u r e . Prea n n e a l i n g c o n s i s t e d of l i n e a r h e a t i n g (60 K/hr) i n s i t u t o 568 K immediately followed by f r e e c o o l i n g i n s i t u t o 323-333 K . During t h i s r e l a x a t i o n t r e a tx a l s o a t : D e l f t T e c h n i c a l U n i v e r s i t y ment a s m a l l s t r e s s (25 m a ) is a p p l i e d t o t h e specimen t o keep i t s t r a i g h t . During l i n e a r h e a t i n g of a n a s -r e c e i v e d sample a n i r r e v e r s i b l e d e c r e a s e of l e n g t h i s observed. Repeated h e a t i n g of t h e same t e m p e r a t u r e d i d n o t l e a d t o any f u r t h e r s h r i n k a g e .
I t can t h u s b e deduced t h a t t h e r e l a x a t i o n t r e a t m e n t
r e s u l t s i n a well-defined amorphous s t r u c t u r e .
The a c t i v a t i o n energy f o r isoconf i g u r a t i o n a l flow was determined a f t e r t h e e s t a b l i s h i n g of s t e a d y s t a t e c r e e p a t 548 K. A f t e r s t e p w i s e (5-10 1: ) lower i n g of t h e t e m p e r a t u r e t h e s t e a d y s t a t e c r e e p r a t e s
were determined f o r t e m p e r a t u r e s between 548 K and 503 K and s t r e s s e s between 1000 ) P a and 1600 ? P a . 
R e s u l t s
Examples of c r e e p c u r v e s o f r e l a x e d Metglas 2826A
a r e p r e s e n t e d i n f i g u r e s 1 and 2. I f t h i s d a t a a r e p l o t t e d i n an a p p r o p r i a t e way t h e well-known f e a t ur e s of t h e c r e e p c u r v e s of c r y s t a l l i n e s o l i d s appear.
I n t h e f i r s t p a r t o f t h e c u r v e s primary o r t r a n s i e n t c r e e p i s p r e s e n t i n which t h e c r e e p r a t e E d e c r e a s e s w i t h t i m e t , t h e n r e a c h e s a c o n s t a n t minimum v a l u e Cmin i n t h e r e g i o n o f t h e l i n e a r or s t e a d y s t a t e 
creep. Tn some cases a l s o t e r t i a r y creep i s observed b e f o r e sample f a i l u r e . I n t h e region o f primary creep t h e s t r a i n can be
very w e l l described by a power law
as known t o be u s u a l l y valid f o r c r y s t a l l i n e s o l i d s 191. The time exponent p appears t o be s t r e s s and temperature dependent a s i s shown i n f i g u r e 3 .
Melplas 2826A
1 
Fig. 3. The time ex-I n t h e second part o f t h e creep curves t h e steady s t a t e creep r a t e Emin can be described by t h e expression as used b e f o r e by Gibeling and Nix / l o / f o r t h e i r a n a l y s i s o f creep data o f Metglas 2826. I n t h i s formula t h e dependence.of t h e s t r e s s u i s described by t h e s t r e s s exnonent n and t h e d e~e n d e n c e o f t h e temperature T i s described by an a c t i v a t i o n energy

Q and Boltzmann's constant k . Ry expressing f i n m i n t h e apparent v i s c o s i t y y by u s e o f t h e r e l a t i o n / l o / rl
The r e s u l t s f o r some s t r e s s e s are depicted i n f i g u r e 4 . The slope o f t h e s e curves y i e l d s t h e a c t i v a t i o n energy Q f o r i s o c o n f i g u r a t i o n a l f l o w . Q was determined f o r a ranee o f s t r e s s values between 1000 W a and 1600 1'2a as i s presented i n f i g u r e 5 (lower h o r izontal s c a l e , 0 ) . W i t h i n t h i s S t r e s s range t h e mean
w i t h i n t h e experimental u n c e r t a i n t y Q i s independent o f t h e s t r e s s .
By measuring two creep curves a t d i f f e r e n t temperat u r e s ( T i , TZ) but at t h e same s t r e s s one can determine t h e t i m e s ( t , , t 2 ) i n t h e steady s t a t e region f o r which i d e n t i c a l s t r a i n s a r e reached. The a c t i v at i o n energy ? i s then calculated from I111 The r e s u l t s o f such an a n a l y s i s are presented a l s o i n f i g u r e 5 where t h i s a c t i v a t i o n energy i s plotted as a f u n c t i o n o f s t r a i n (upper h o r i z o n t a l s c a l e , A ) .
The s t r e s s exponent n from ( 2 ) was determined from t h e slope o f In E min vs . 1n u p l o t s .
Our value o f n = 9 . 5 t 0 . 5 i s independent o f t h e temperature. t e c r e e p i s f a i r l y l a r g e . Spaepen / 5 / expected t h e e a r l i e r v a l u e s o f t h e a c t i v a t i o n energy f o r c r e e p t o i n c r e a s e on a n n e a l i n g . S i m i l a r behaviour h a s been observed i n s t r e s s r e l i e f k i n e t i c s e.g. by P r a t t e n and S c o t t 1151. Using ( 3 ) we determined a c t i v a t i o n e n e r g i e s f o r c r e e p of unrelaxed F e t e 1 a s 28268. These -1 v a l u e s of 0 i n c r e a s e from about 100 kJ mol t o about -1 200 kJ no1 w h i l e being c r e e p t e s t e d (and s o anneal e d ) . I n t h i s r e g a r d one could s p e c u l a t e about t h e a p p a r e n t i n c r e a s e of Q i n o u r pre-annealed specimens a s shown i n f i g u r e 5 (upper s c a l e , A ) . The s l i g h t i n c r e a s e of t h e a c t i v a t i o n energy w i t h i n c r e a s i n g s t r a i n (and s o i n c r e a s i n g a n n e a l i n g time) s u g z e s t s t h a t d e s p i t e t h e pre-annealing t r e a t m e n t s t i l l some s t r u c t u r a l r e l a x a t i o n t a k e s p l a c e d u r i n g c r e e p t e s t i n g . Contrary t o t h e f i n d i n g s o f Gibeling and Nix / l o / o u r v a l u e of n = 9 . 5 i 0 . 5 i s independent o f t h e temperature. The v a l u e i t s e l f compares w e l l w i t h t h e n = 7-10 determined by t h e s e a u t h o r s f o r Metglas 2826. A s can be seen i n f i g u r e 6 t h e r e s u l t s o f tens i l e t e s t i n g a r e i n good agreement w i t h t h e c r e e p r e s u l t s . The s t r a i n r a t e s were o b v i o u s l y low enough t o o b t a i n a comparable amount of s t r u c t u r a l r e l a x at i o n a t t h e t i m e (20 h ) t h e maximum s t r e s s i n t h e h o r i z o n t a l p a r t of t h e s t r e s s -s t r a i n c u r v e s was obse r v e d .
Ry using t h e creep data we constructed a part o f t h e deformation map o f pre-annealed tietglas 2826A.
The r e s u l t i s presented i n f i g u r e
Discussion
From a comparison between t h e curves A (as-received) and 1 ( r e l a x e d ) i n f i g u r e 1 i t can be concluded t h a t pre-annealing decreases t h e observed creep r a t e s t o a l a r g e e x t e n t , which was a l s o observed f o r F'd8zSi18 by Taub and Spaepen 1121. Apparently t h e v i s c o s i t y increases b y t h e d e n s i f i c a t i o n o f t h e s t r u c t u r e during t h e r e l a x a t i o n t r e a t m e n t .
Gibeling and Pix / l o / found a stress-dependent a c t iv a t i o n energy (150-200 kJ mol-l) f o r Metglas 2826 (Mi,oFeb0Plt,B6) which i s a l s o s u b s t a n t i a l l y lower.
Our value o f Q = 250 k J mol-I agrees w e l l w i t h t h e a c t i v a t i o n e n e r g i e s f o r creep i n c r y s t a l l i n e H i and Fe (243 kJ mol-' and 256 k J mol-I r e s p e c t i v e l y / I l l ) I n t h e determination o f t h e a c t i v a t i o n energy t h e i n i t i a l steady s t a t e creep was established a t 548 K ( 0 i n f i g . 4 ) . The possible i n f l u e n c e o f t h i s t r e a tment on t h e a c t i v a t i o n energy was checked by two ex-
F i g . 5. The a c t i v a t i o n energy f o r i s o c o n f igurational f low ( 0 ) and steady s t a t e creep ( A ) .
Fig. 4 . The v i s c o s i t y as a f u n c t i o n o f reciprocal temperature. For symbols see t e x t . periments a t one and t h e same s t r e s s l e v e l (1460 MPa). .First a t t h e end o f t h e standard procedure a t 513 K a new s e r i e s o f v i s c o s i t y determinations was s t a r t e d i n which t h e temperature was s t e p w i s e increased ( 0 ) .
The second check was made a t t h i s s t r e s s o n a sample which reached i t s initi'al steady s t a t e a t 523 K ( A ) instead o f 548 K . All t h e s e data points f a l l along t h e same l i n e , as can be seen i n f i g u r e 4 (curve 1460 MPa). We conclude t h e r e f o r e t h a t our experiments were t r u l y i s o c o n f i g u r a t i o n a l and t h a t t h e ac-
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550 600 Temperature ( K ) F i g . 6. P a r t o f t h e deformation map c o n s t r u c t e d from s t e a d y s t a t e c r e e p (A) and t e n s i l e t e s t (0) d a t a ( s e e t e x t ) .
